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TITLE 



FILTER WITH ACOUSTICALLY COUPLED RESONATORS 



5 



BACKGROUND OF THE INVENTION 



The invention concerns a component working with surface- 



proximal acoustic waves, in particular a filter with a network structure, in which 
component resonators are embedded. 

Today, SAW, or surface acoustical wave, filters are predominantly 
10 used as bandpass filters in the RF range in the front end of end apparatuses of 
mobile communication, for example in mobile telephones. These are significantly 
fashioned as reactance or DMS filters. 



particular with one-port resonators executed in SAW technology. Thus, for 
15 example, a DMS filter is known from DE 198 18 038 A in which two DMS filters 
circuited in serial or in parallel are circuited in series with reactance elements on 
the input or output side. Moreover, it is proposed there to arrange both DMS filters 
inside an acoustic track and two adjacent DMS filters are to be divided via 
intermedi ate reflectors . 

20 Further known filters are also two-port resonators that, however, 

can only seldom be used in the RF range due to their narrowband transmission 
characteristics. 



technologies can be preferable. For example, with closely adjacent frequency 
25 bands for selection, higher demands are made on the skirt steepness of those 
passband edges that are close to the respectively adjacent frequency band. 
Different skirts can favor different technologies. Reactance filters are additionally 



Circuits of DMS filters with reactance elements are also known, in 



Depending on the desired characteristic profile, one of the 
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characterized by higher power stability. A desired demanding characteristic profile 
for an RF filter, in particular for a new transmission technology, can often no 
longer be realized with known, "pure" technologies. Thus, for example with 
reactance filters, an unwanted "ripple" occurs in the transmission range that is 
5 based on the finite length of the series resonator. Likewise, the insertion 
attenuation is increased based on the finite length of the resonators used in 
reactance filters. 

From US 5,486,800 CI it is known to serially arrange a plurality of 
identical interdigital transducers directly adjacent to one another within only one 

10 acoustic track such that an acoustic coupling of the interdigital transducers ensues. 
The interdigital transducers are electrically connected in series, whereby a parallel 
branch connected to ground respectively branches off between two interdigital 
transducers. In the type of ladder-type structure, a further parallel interdigital 
transducer is arranged in every parallel branch. A plurality of parallel interdigital 

15 transducers can also be arranged within an acoustic track and likewise be 
acoustically coupled. Each track with acoustically coupled interdigital transducers 
can be bordered on both sides by one acoustic reflector. 

SUMMARY OF THE INVENTION 
It is therefore the object of the present invention to specify new 
20 structures for components operating with surface-proximal acoustic waves with 
which filters can be obtained with further improved characteristics. 

This object is inventively achieved with a component with the 
following features: 

at least three interdigital transducers are arranged on the surface of a 
25 piezoelectric substrate, said interdigital transducers being respectively 

provided with a first and a second electrical connection and being 
electrically circuited with one another via these connections, whereby the 
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interdigital transducers are selected from serial and parallel interdigital 
transducers, 

at least one serial interdigital transducer is arranged in at least one serial 
branch serving as a signal path, said branch connecting the input and the 
5 output of the component and in which all elements contained therein are 

electrically connected in series, 

at least one parallel branch in which is arranged a parallel interdigital 
transducer is connected parallel thereto opposite a reference potential, 
at least one of the serial or parallel interdigital transducers is arranged in 

10 series with a further interdigital transducer in the propagation direction of 

the acoustic wave, such that both interdigital transducers are acoustically 
coupled with one another, whereby the transducers coupled with one 
another differ from one another by at least one of the following features: 
a) the interdigital transducers possess a different aperture 

15 b) the interdigital transducers possess a different pitch 

c) the interdigital transducers belong to different branches of the 
component 

d) of the interdigital transducers, at least one is arranged in the serial 
branch and the transducers are not directly electrically connected 

20 with one another 

e) the interdigital transducers comprise a different number of 
interdigital electrode fingers 

f) the interdigital transducers exhibit a different metallization ratio 

g) the interdigital transducers are weighted and exhibit a different 
25 weighting. 

With the invention, deviation is made from the strictly regular 
ladder-type structure known from US 5,486,800 and the symmetry is deliberately 
disturbed in order to achieve further advantageous effects. While the known 
ladder-type structure obeyed a wave parameter design, an inventive component is 
30 based on an effective parameter design. It allows a completely novel filter 
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structure that, in addition to many new characteristics, is primarily also 
characterized by a smaller space requirement (chip surface). In all exemplary 
embodiments, at least the regular branching of parallel branches and the 
requirement of the respective interdigital transducers designed identically in the 
5 serial or parallel branch are omitted. A filter behavior can therewith be designed 
that possesses arbitrarily many pole locations, thus shows gating behavior at 
arbitrary frequencies and overall exhibits an improved insertion attenuation. It 
results from the latter that only little energy is lost in the signal path due to the 
acoustic coupling of the interdigital transducers, since the acoustic energy escaping 
10 from an individual interdigital transducer can be re-coupled into the system at 
another location. 

Due to the at least partial omission of the reflectors between 
acoustically coupled interdigital transducers, the often excessive power density at 
the transition between reflector and interdigital transducer is reduced. 

15 Via the acoustic coupling, the acoustic length of the interdigital 

transducer is increased, and thereby edge effects are reduced, likewise the ripple 
connected with this. 

In acoustically coupled interdigital transducers, the adjacent 
(coupled) interdigital transducer acts as a reflector. The reflector losses are thereby 
20 omitted; at the same time, the space necessary for the component is reduced. 

By coupling acoustically various interdigital transducers not 
arranged in the same branch, the degree of necessary cascading is reduced in the 
filter; at the same time, a minimal number of electrode fingers and an optimally 
small aperture can be maintained. 

25 Via the acoustic coupling, the excitation of counter-phase signals in 

an interdigital transducer is achieved, whereupon the stopband suppression and/or 
the insulation is increased in critical frequency ranges. 
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With the invention, it is achieved to reduce the power density within 
the electrode structures of the interdigital transducers and additionally to suppress 
non-linear effects that lead to unwanted modulation. 

The invention proposes to also acoustically couple together 
5 interdigital transducers that are electrically connected with one another and are 
arranged on the surface of a piezoelectric substrate. For this, either at least two 
serial interdigital transducers are electrically connected in series and acoustically 
coupled in a serial branch that connects the input and the output of the component 
with one another, or the interdigital transducers of at least two parallel branches - 
10 between which lies a serial branch in which one or more interdigital transducers 
are arranged - are acoustically coupled. The acoustic coupling of the interdigital 
transducers occurs via an in-line arrangement within an acoustic track. It is also 
possible to arrange a serial and a parallel interdigital transducer within a track and 
to acoustically couple-them-with-one-another ; — 

1 5 Via this coupling, new characteristics of the component are realized, 

whereby the degree of the coupling between the interdigital transducers can be 
varied and optimized. 

Two interdigital transducers acoustically coupled with one another 
can be arranged directly adjacent in an acoustic track. The acoustic track is 

20 thereby advantageously bordered on both sides by one reflector respectively which 
respectively comprises a regular strip pattern of reflector strips. The reflection 
effect of a reflector is thereby dependent on the height, width and in particular on 
the number of reflector strips in addition to the selected substrate material. The 
frequency-dependent reflection of the reflector is determined by the separation of 

25 the reflector strips, and what is known as the finger period, that is selected 
corresponding to the finger period of the interdigital transducer or interdigital 
transducers. The number of the reflector strips in the reflectors is preferably so 
high that nearly complete reflection of the acoustic wave ensues at the reflector in 
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the transmission range of the component (which is in particular fashioned as a 
filter). An interdigital transducer bordered by reflectors on both sides then 
represents a resonator. If two interdigital transducers are arranged next to one 
another and are bordered on both sides by reflectors, one obtains a two-port 
5 resonator with two electrical ports. An arbitrary number of interdigital transducers 
can be arranged and coupled in onetrack. 

However, it is also possible to arrange the interdigital transducer of 
one type (serial or parallel) in different tracks. Coupling can thereby ensue in 
parallel in different tracks. In this manner, it is also possible that such interdigital 

10 transducers couple with one another that are not directly connected electrically 
with one another, for example two serial interdigital transducers between which in 
the circuit at least one further serial interdigital transducer is arranged. Parallel 
interdigital transducers can also be coupled which are arranged in not directly 
adjacent parallel branches. The coupling of a parallel interdigital transducer and a 

15 serial interdigital transducer is also possible. 

However, it is also possible to acoustically couple all interdigital 
transducers of one type (serial or parallel) with one another. However, coupled 
and uncoupled interdigital transducers can both exist together within one type of 
interdigital transducer. 

20 The type and strength of the coupling between two interdigital 

transducers can be influenced by means of different possibilities: 

a) Partially transmissive reflectors or 

b) metallized delay lines can be arranged between the coupling interdigital 
transducers. 

25 c) The apertures of the coupling interdigital transducers can be selected 
differently. 

d) Different voltages can appear at the interdigital transducers coupling with 
one another. 
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e) A phase difference is set between the interdigital transducers coupling with 
one another. 

In an embodiment a), the acoustic coupling of adjacent interdigital 
transducers is reduced by acoustically partially transmissive intermediate 
5 reflectors. Such an intermediate reflector is comprised of a number of n reflector 
strips, whereby n is selected such that no complete reflection ensues and an 
acoustic coupling of the interdigital transducers separated by the intermediate 
reflector is possible. Typically, the value of n is 0 < n < 100. With increasing n, 
the acoustic coupling of the interdigital transducers separated by the intermediate 

10 reflector is reduced. Via a suitable dimensioning of the number n, the 
characteristics of the coupled interdigital transducer and the characteristics of the 
entire component can therewith be influenced or, respectively, adjusted, whereby 
in the borderline case of n = 0 no intermediate reflector is provided and the coupled 
interdigital transducers are directly adjacent to one another, whereby maximum 

15 coupling is attained. Moreover, if n changes from even-numbered to odd- 
numbered, the phase of the coupling can be varied by 180°. 

A fine-tuning of the phase of the acoustic coupling can be done via 
a variation of the separation of the interdigital transducers from one another or 
between the interdigital transducers and the reflectors, whereby a structure similar 
20 to DMS filters is obtained. The interdigital transducers are displaced against one 
another such that the phase of the acoustic coupling between both interdigital 
transducers exhibits a difference A<p with -90° < Acp < 90°. In particular, via a 
variation of the separation, additional resonances that are like in a DMS filter can 
be used to form the filter transfer function and the edges. 

25 The free distance between two interdigital transducers can also be 

provided with a wholly or partially metallized delay line with which, in addition to 
the coupling, the speed of the surface wave can be influenced or the propagation of 
the surface wave can be maintained surface-proximal. 
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A variation of the voltage occurring at an interdigital transducer is 
achieved via cascading. An interdigital transducer is thereby replaced by a series 
circuit of two or generally m resonators (m is greater than or equal to 2). One thus 
obtains a reduction of the voltage U to a value of U/m at the same separation of the 
5 busbars. Intermediate values are obtained when one varies the separations of the 
busbars of individual interdigital transducers within the cascading. The power 
density within the interdigital transducers is therewith reduced and the acoustically 
active surface is increased. A reduction of the power density reduces the material 
wear and the occurrence of errors, and also increases the reliability and the lifespan 
10 of the component. 

The cascading can be done transverse to the propagation direction 
of the surface wave, whereby the cascaded interdigital transducers can be arranged 
in various acoustic tracks. 

The cascading can also occur via series circuiting of in-line, 
15 successively arranged interdigital transducers. 

A cascade can also be singly or multiply folded, and thus 
simultaneously comprise both interdigital transducers arranged next to one another 
in various acoustic tracks and interdigital transducers arranged successively within 
one acoustic track. In-line, successively arranged interdigital transducers within 
20 the same cascade or in different but adjacent cascades can be acoustically coupled 
with one another. U-shaped or meander-shaped arrangements of interdigital 
transducers are created by the folding. 

In particular given cascades that are folded or, respectively, are 
coupled with one another, large voltage differences can occur between the 
25 respective terminal (and therefore directly or nearly adjacent) electrode fingers of 
different coupled interdigital transducers. Electrical flash-overs during the 
operation of the component can advantageously be prevented when the directly 
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adjacent terminal electrode fingers are respectively attached to the busbars that 
exhibit the lowest electrical potential difference relative to one another. In 
cascades transverse to the acoustic track, it is also possible to extend electrode 
fingers lying at an average potential so that in the adjacent track they form a 
5 shielding between the terminal electrode fingers of the coupled interdigital 
transducers arranged there, lying at the extreme potential or, respectively, they 
form a transition with lower potential difference. 

A cascade can also comprise in-line, adjacently arranged interdigital 
transducers in which a center interdigital transducer is connected in series with the 
10 outward interdigital transducers neighboring on both sides and is also acoustically 
coupled with these. The outward interdigital transducers can be cascaded and 
coupled with further interdigital transducers arranged in-line. 

In order to attain the same impedance in a cascade as in an 
uncascaded interdigital transducer, an enlargement of the surface of the cascaded 
15 interdigital transducer is necessary for a component fashioned as a filter. Given m 
cascaded interdigital transducers, a total area A m of m 2 Ao is necessary in the 
cascade, whereby Ao corresponds to the surface of an uncascaded interdigital 
transducer. 

In a development of the invention, the specified simple 
20 embodiments of the invention can be expanded by arbitrary further elements, in 
particular by additional interdigital transducers. For example, it is possible to 
connect a complete one-port resonator, thus an interdigital transducer bordered on 
both sides by reflectors, in the serial arm. Additional acoustically not coupled 
interdigital transducers in the serial arm can but do not have to be arranged in-line 
25 to the existing serial interdigital transducers. 

Each parallel branch connects the serial branch with a reference 
potential. It is thereby possible to effect the consolidation of a plurality of parallel 
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branches at an intermediate stage before a final connection with the reference 
potential (ground). Each parallel branch can comprise a plurality of interdigital 
transducers that are, for example, connected in series among one another. 
Interdigital transducers can also be connected in parallel to one another in a 
5 parallel branch. An arbitrary cascading of parallel interdigital transducers is also 
possible. 

In a further embodiment of the invention, a parallel interdigital 
transducer arranged in a parallel arm is part of a DMS filter. Such a one is, for 
example, fashioned from three interdigital transducers that are arranged between 

10 two reflectors. Such a DMS filter exhibits two resonance poles via suitably 
selected separations of the interdigital transducers. The parallel arm is, for 
example, connected with the middle interdigital transducer of a DMS filter which 
is connected in series with both of the adjacent outer interdigital transducers. Both 
outer interdigital transducers are subsequently connected with a reference potential 

15 or, respectively, ground via the opposite busbar. 

It is also possible to provide DMS structures in the serial branch, 
whereby two or more interdigital transducers can be connected in series with one 
another. The busbar which is typically provided for a ground connection can 
thereby be connected with the reference potential via a parallel arm with and 
20 without parallel interdigital transducers. 

With the same finger period, the interdigital transducers can also be 
displaced relative to one another by an amount Ax, such that -0.25 < AxA, < 0.25 is . 
true, whereby X is the acoustic wavelength at a center frequency of the component, 
in particular of the filter. 

25 From the electrical circuiting, inventive components have a 

structure similar to reactance filters; however, they operate differently due to the 
acoustic coupling of the interdigital transducers. Nevertheless, it is of advantage to 
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displace the resonator frequencies (dependent on the finger period) of serial and 
parallel interdigital transducers relative to one another. Each interdigital 
transducer exhibits a resonance frequency with minimal impedance (zero point) 
and an anti-resonance frequency with maximum impedance (pole point). The anti- 
5 resonance frequency is thereby above the resonance frequency. The resonance 
frequency of the serial interdigital transducers is selected so that it is 
approximately at the anti-resonance frequency of the parallel interdigital 
transducer. The lower edge of the transmission range (passband) is then 
determined by the position of the resonance frequency of the parallel interdigital 

10 transducers; the upper edge of the transmission range is determined by the anti- 
resonance of the serial interdigital transducers. To broaden the transmission range, 
it is possible to select the resonance frequency of the serial interdigital transducers 
above the anti-resonance frequency of the parallel interdigital transducers. A 
maximum separation can be selected so that an optimal transmissibility is still 

15 ensured combined with a tolerable ripple in the transmission range. 

The interdigital transducers of one branch(serial or parallel)can be 
detuned relative to one another by a small amount. The detuning should preferably 
be less than 1%. 

It is also possible to detune the interdigital transducers relative to 
20 one another in both types of branches. 

The electrical connections between the interdigital transducers can 
be fashioned as normal conductor lines on the piezoelectric substrate. However, it 
is also possible to realize at least one part of the electrical connections between the 
interdigital transducers, between the interdigital transducers and input or output, or 
25 between the interdigital transducers and the reference potential as discrete 
elements. Such discrete elements can be, for example, capacitors, delay lines, 
resistors, inductors, bond wires, bumps or other suitable connection elements. 
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The interdigital transducers, the reflectors and the conductive 
structures connecting them in the circuit can inventively be fashioned as metallic 
structures and be comprised of aluminum, an aluminum alloy or multilayer 
structures, wherein the individual layers of the multilayer structure comprise one or 
5 more layers made from aluminum, an aluminum alloy or additional metals such as 
Cu, Zr, Mg, Ti or Sc. Passivation layers made from chemically inert and in 
particular hard materials such as oxides, nitrides, carbides and similar metal 
compounds can be provided over the metallic structures. 

The layer thicknesses h of the metallic structures are preferably 
1 0 selected in the range of 1 % < h/X < 1 5%. 

A further variation of inventive components is to vary the finger 
periods of individual interdigital transducers viewed over their length. Within an 
interdigital transducer, the metallization ratio (thus the ratio of finger width to 
finger period) can likewise be varied over the length of the transducer. The 

15 variation both of the metallization ratio and of the finger period preferably ensues 
according to a continuous function, such that the concrete values for metallization 
ratio or finger period correspond to the precise values of a periodically sampled 
continuous function. Such a function can be linear, such that the corresponding 
values rise over the length of the transducer. However, it is also possible to carry 

20 out the variation according to any other functions. The variation preferably ensues 
according to functions that exhibit a maximum or a minimum inside the transducer. 
Given a variation of finger period and/or metallization ratio, within an interdigital 
transducer or reflector the respective size fluctuates by a maximum of 
approximately 3% around the respective average value. 

25 Also of advantage is a component in which the position of the 

transversal gaps in one type of interdigital transducers selected from serial and 
parallel interdigital transducers is varied over the length of the interdigital 
transducer. By transversal gap, what is thereby understood is the separation of the 
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ends of the electrode fingers in an interdigital transducer from the opposite busbar. 
For the height g of the transversal gaps, a formula g < A/4 may hold true. 

The size of the gaps can also be varied in at least one of the 
interdigital transducers, viewed over the length of the interdigital transducer. 

In an advantageous manner, independent of finger period, finger 
separation, finger width and metallization ratio in the interdigital transducers and 
reflectors, the transition between two adjacent elements (selected from interdigital 
transducers and reflectors) respectively within an acoustic track is designed quasi- 
periodic as is, for example, specified in the international application WO0025423, 
the whole content of which is referred to here. 

For constant and as well as varying metallization ratio, this is 
preferably larger than 0.5 and particularly preferably larger than 0.6. 

For the electrical connections between the elements on the 
substrate, in particular between the interdigital transducers, it is true that they 
preferably exhibits at least the same layer thickness as the elements. These 
connections are preferably fashioned as metal areas and in particular with a greater 
layer thickness than the interdigital transducers. 

In an inventive component, a DMS structure that is acoustically 
coupled with at least one serial interdigital transducer is arranged in the serial 
branch. 

In an inventive component, all serial interdigital transducers can be 
arranged in a common serial track and all parallel interdigital transducers can be 
arranged in a common parallel track. The aperture of the parallel track can then in 
a simple manner be selected larger than that of the serial track. The aperture of the 
serial track is preferably at least 15\, whereby A is the acoustic wavelength at a 
center frequency of the component. 
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An inventive interdigital transducer can be fashioned as a normal 
finger transducer with alternating connection sequence of the electrode fingers. 
However, it is also possible to differently design the connection sequence of the 
electrode fingers, thus the sequence with which the electrode fingers are connected 
5 with the correspondingly polarized busbars. If, in a transducer, electrode fingers 
are interchanged in the connection, thus connected with the opposite busbar, one 
speaks of withdrawal weighting. Non-alternating connection sequences can also 
be realized via recursive transducers. In such transducers fashioned, for example, 
as SPUDT transducers, the finger widths can also be different in order to adjust a 
10 reflectivity that interacts with the phase of the excitation in an advantageous 
manner. 

The electrode fingers of the interdigital transducers can inventively 
also be selected of a different length. In such a case, one obtains a varying 
overlapping of differently polarized electrode fingers, an overlap weighting. Since 

15 the respective overlapping of oppositely polarized electrode fingers is a measure 
for the excitation of acoustic waves via the field between the two fingers, the 
excitation can be distributed over the transducer with such an overlap weighting. 
This is also possible with an withdrawal weighting. Further variation possibilities 
of the interdigital transducer also result via position weighting, this is by shifting of 

20 electrode fingers or electrode finger groups that are then no longer strongly aligned 
to the pattern predetermined by the finger period and are thereby varied both in the 
reflection effect and in the excitation strength. 

An inventive component with a reactance filter structure can operate 
with all surface-proximal acoustic waves. Which type of acoustic wave is 
25 preferably excited is in particular dependent on material and cut angle of the 
selected piezoelectric substrate, which can also comprise a piezoelectric film that is 
applied on a suitable substrate. 
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The piezoelectric substrate can be comprise one of the materials 
LiTa0 3 , LiNb0 3 , quartz, langasite (LGS), langatate (LGT), GaB0 4 , Li 2 B 4 0 7 , 
langanite (LGN), KNb0 3 or GaAs. 

If the substrate is a piezoelectric film on a carrier, the piezoelectric 
film is thus preferably fashioned from a material selected from LiTa0 3 , LiNb0 3 , 
A1N, ZnO or GaAs. 

The wave type can also be dependent on the operating frequency of 
the component. In particular the cited surface acoustic wave (SAW), Rayleigh 
waves, shear waves, leak waves, BGS waves (Bleustein Gulyaev Shimizu waves) 
or HVP-SAW (high velocity pseudo surface acoustic waves) are suitable as 
surface-proximal acoustic waves. In principle the same electrode structures or, 
respectively, exciting interdigital transducers are suitable for all of these wave 
types. 

In the following, the invention is explained in detail using 
exemplary embodiments and the associated Figures. Figures are only schematic 
and are therefore not to scale. The same or identically operating parts are 
designated with the same reference characters. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows an arrangement with two serially coupled 
interdigital transducers; 

Figure 2 shows an arrangement with three acoustically coupled 
serial interdigital transducers; 

Figure 3 shows an arrangement with two acoustically coupled 
parallel interdigital transducers; 

Figure 4 shows two coupled cascades of interdigital transducers; 
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Figure 5 shows three acoustically coupled cascades of interdigital 

transducers; 

Figure 6 shows the coupling of a cascade with a single interdigital 

transducer; 

5 Figure 7 shows the acoustic coupling of two cascades of serial 

interdigital transducers with a cascade of parallel interdigital transducers; 

Figure 8 shows the coupling of interdigital transducers arranged in 
different circuits of a component; 

Figure 9 shows an embodiment in which the interdigital transducers 
10 of two different circuits are acoustically coupled; 

Figure 10 shows the acoustic coupling of two interdigital 
transducers with different apertures; 

Figure 11 shows a similar coupling, whereby the interdigital 
transducers are arranged in different branches of a component; 

15 Figure 12 shows a further variation in which two cascades with 

different apertures are acoustically coupled with one another in different branches; 

Figures 13 A, 13B and 13C show various transitions of interdigital 
transducers acoustically coupled with one another; 

Figure 14 shows two coupled interdigital transducers with non- 
20 exciting electrode fingers between the transducers; 

Figure 15 shows two acoustically coupled interdigital transducers 
with a floating reflector between them; 
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Figure 16 shows two coupled cascades with floating reflector 
between coupling interdigital transducers; 

Figure 17 shows two cascades of coupled interdigital transducers 
with a coupling reflector structure between them; 

Figure 18 shows two cascades of interdigital transducers 
acoustically coupled with one another with two non-exciting electrode fingers 
between them; 

Figures 19A, 19B, 19C and 19D show various possibilities of 
cascading at a given constant excitation; 

Figure 20 shows an arrangement in which respectively serial and/or 
parallel interdigital transducers are acoustically coupled; and 

Figure 21 shows the same arrangement, however with cascaded 
interdigital transducers. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 shows a first inventive component operating with surface- 
proximal acoustic waves in which a first serial interdigital transducer IS1 and a 
second serial interdigital transducer IS2 are connected in series between a first 
connection Tl and a second electrical connection T2. Both of the interdigital 
transducers are arranged in-line consecutively in the propagation direction and 
close to one another, so that they can acoustically couple with one another, as 
indicated by the double-arrow K. The acoustic track with the serial interdigital 
transducers IS1, IS2 is bordered on both sides by one reflector RSI, RS2 per side. 
A parallel interdigital transducer IP that is bordered on both sides by one reflector 
RP per side is arranged between a branching point VI that is placed in the circuit 
between both serial interdigital transducers IS1 and IS2 and a reference potential 
BP. A one port resonator is fashioned in the parallel branch while both serial 
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interdigital transducers with all of their reflectors form a two-port resonator. In 
contrast to the known arrangements with acoustically coupled interdigital 
transducers, here the two interdigital transducers IS1 and IS2 coupling acoustically 
with one another are not identical. They feature either a different aperture, a 
5 different pitch (finger period), a different number of electrode fingers, a different 
metallization thickness or a different weighting. 

Figure 2 shows a further embodiment of the invention that, in a 
modification from Figure 1, comprises a third serial interdigital transducer IS3 that 
is arranged in-line with both of the other serial interdigital transducers IS1 and IS2 

10 and is acoustically coupled with these. Here as well a parallel branch with an 
interdigital transducer IP is connected between a branching point VI and the 
reference potential. In contrast to the known arrangements, here the symmetry of 
the branching circuit is disturbed: the interdigital transducers IS2 and IS3 are 
serially cascaded without the provision of a branching point for branching a 

1 5 parallel branch between the two. 

Figure 3 shows another embodiment in which two serial interdigital 
transducers IS1, IS2 are arranged in a serial branch between a first and a second 
connection Tl, T2. Each of the interdigital transducers is bordered by two 
reflectors per interdigital transducer, so that no coupling can occur between the two 

20 interdigital transducers IS. One parallel branch per branching point VI, V2 is 
connected from a first and a second branching point VI, V2 of the serial branch to 
a reference potential. In a first parallel branch, a parallel interdigital transducer IP1 
is arranged and in a second parallel branch, a second parallel interdigital transducer 
IP2 is arranged. Both of the parallel interdigital transducers are acoustically 

25 coupled, which is indicated in the Figure via the double arrow K. A coupling can 
occur when both parallel interdigital transducers IP are arranged at least partially in 
the same acoustic track. 
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Figure 4 shows an inventive arrangement in which four interdigital 
transducers IS1 through IS4 are connected in series between a first and a second 
connection Tl, T2. Every two interdigital transducers are cascaded, such that in 
total a folded quad-cascade of serial interdigital transducers IS is obtained. Both 
5 (sub-)cascades comprising the interdigital transducers IS1 and IS2 or, respectively, 
IS3 and IS4 are spatially adjacent due to the U-shaped folding of the serial branch 
or, respectively, in general of the branch of the circuit, so that an acoustic coupling 
can occur between respectively two serial interdigital transducers arranged in 
different cascades, in particular a coupling between IS1 and IS4 or, respectively, 
10 between IS2 and IS3, as shown by the double- arrow K. The serial branch is folded 
at the circuit point PI, so that a parallel branch can branch off at this point. The 
arrangement is bordered by reflectors on both sides, so that a resonance space is 
opened between both reflectors within each track. 

Figure 5 shows yet another arrangement of cascaded interdigital 
15 transducers. Two serial interdigital transducers IS1, IS2 are connected in series 
and arranged next to one another, transverse to the propagation direction of the 
acoustic wave, between a first connection Tl and a branching point VI. Two 
cascades, each made from two interdigital transducers, are connected in parallel 
between the branching point VI and the second external connection T2. A first 
20 cascade comprises the interdigital transducers IS3 and IS4; the second cascade 
connected in parallel thereto comprises the interdigital transducers IS3' and IS4\ 
The cascades are arranged relative to one another so that one interdigital transducer 
is arranged per cascade in (in total) two acoustic tracks made from both cascades, 
and that acoustic coupling occurs within a track between the three interdigital 
25 transducers arranged there. 

Figure 6 shows a further embodiment of the invention in which a 
first serial interdigital transducer IS1 is connected in the serial branch in series with 
a cascade made from a second and a third serial interdigital transducer IS2, IS3. 
The circuit is folded at point PI such that the cascade is arranged in-line with the 
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first interdigital transducer IS1 whose aperture corresponds to the sum of the 
apertures of the second and third interdigital transducers IS2, IS3. The first 
interdigital transducer IS1 is therewith acoustically coupled (see double-arrow) 
with both the second interdigital transducer and the third interdigital transducer. 
5 The arrangement of transducers is bordered by reflectors on both sides. 

Figure 7 shows a still further arrangement in which four serial 
interdigital transducers IS1 through IS4 are arranged in a single-fold cascade 
between a first and a second connection Tl, T2, so that each two interdigital 
transducers are acoustically coupled with one another, as shown by the double- 

10 arrows. A parallel branch is connected from a branching point VI placed near the 
second connection T2 to a reference potential in which is arranged a further 
cascade made from two parallel interdigital transducers IP1, IP2. The spatial 
arrangement of the parallel branch is such that each parallel interdigital transducer 
is acoustically coupled with each serial interdigital transducer of an adjacent serial 

15 cascade, as shown by the double-arrows. 

Figure 8 shows yet another embodiment of the invention in which 
an acoustic coupling occurs between interdigital transducers that are arranged in 
domains separated from one another. Such separated domains that are arranged 
within a component can, for example, be interdigital transducers or, respectively, 

20 resonators comprising interdigital transducers that are part of a filter circuit and are 
arranged in an RX branch or a TX branch of a wireless communication apparatus. 
In the Figure, the arrangement has an acoustic coupling between a serial 
interdigital transducer IS 1 of a first branch and a parallel interdigital transducer IP1 
that is arranged in the parallel branch of a second circuit domain. It is also 

25 possible, as shown for example in Figure 9, that an acoustic coupling occurs 
between two serial interdigital transducers IS1, IS1\ whereby both interdigital 
transducers are arranged in the separate circuits and are respectively arranged there 
in the serial branch. Arrangements (not shown in the Figure) are also possible in 
which parallel branches in separate circuits or, respectively, the parallel interdigital 
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transducers provided therein are coupled with one another. The interdigital 
transducers of the respective other branch are not coupled. 

Figure 10 shows a further possibility to arrange two domains 
separate from one another, with the domains here being connected between a first 
5 and a second connection Tl and T2 or, respectively, between TV and T2', in 
spatial proximity relative to one another so that interdigital transducers II and II' 
(serial or parallel) acoustically couple with one another in the integrated circuits. 
Due to the different aperture of the two coupling interdigital transducers, only a 
partial coupling ensues, whereby the track or, respectively, the partial tracks are 
10 bordered on both sides by at least one reflector. Couplings between interdigital 
transducers of different circuits can also occur between interdigital transducers 
that are arranged in different branches, for example in the serial and parallel 
branch. 

Figure 11 shows an arrangement in which a cascade of two 
15 interdigital transducers IS1, IS2 is connected in a serial branch between first and 
second connection Tl, T2. A parallel interdigital transducer with doubled aperture 
is connected between a branching point VI and the reference potential, so that it 
acoustically couples both with the first and with the second interdigital transducers 
IS1,IS2. 

20 Figure 12 shows a similar embodiment in which the aperture of the 

parallel interdigital transducers IP1 and IP2 arranged within a double cascade in 
the parallel branch exhibits a non-whole number multiple of the aperture of the 
serial interdigital transducers that are arranged as a triple cascade in the serial 
branch. Serial and parallel cascades are arranged next to each other so that an 

25 acoustic coupling occurs between first parallel interdigital transducer IP1 on the 
one side and first and second interdigital transducers IS1 and IS2 on the other side, 
as well as an acoustic coupling between the second parallel interdigital transducer 
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IP2 on the one side and the second and the third serial interdigital transducers IS2 
and IS3 on the other side. 

While in previous Figures the interdigital transducers were only 
schematically indicated by small boxes, in reality, however, they represent 
5 electrode combs engaging with one another on two sides in comb-like fashion and 
are connected with different busbars. The arrangement of electrode fingers within 
such a transducer can be alternatingly regular, so that alternatingly fingers go out 
from the busbar and all electrode fingers uniformly overlap with one another. 
However, also interdigital transducers are possible that exhibit an irregular finger 
10 sequence or possess a different overlapping length. If the overlapping length of 
different busbars of outgoing electrode fingers varies, one speaks of a weighting. 

Concerning the spatial arrangement of two acoustically coupled 
interdigital transducers relative to one another, this must be such that an acoustic 
coupling can occur. This is always the case when the second interdigital 
15 transducers 12 is located within the acoustic track of the first interdigital transducer 
II or is at least partially arranged within the acoustic track. The spatial distance 
must be so small that acoustic waves generated in the first interdigital transducer II 
can arrive in the second transducer there couple without losing their energy before 
arrival. 

20 Figures 13 A, 13B and 13C show different possibilities to arrange 

two acoustically coupled interdigital transducers II, 12 relative to one another. In 
Figure 13 A, both interdigital transducers II, 12 are arranged so close to one another 
that the adjacent respective terminal electrode fingers exhibit a separation that 
corresponds to the separation of the electrode fingers within each of the two 

25 transducers II, 12. Dependent on the polarity of the busbars of the interdigital 
transducers II, 12, a phase difference of either 0 or 180° arises in this manner. 
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Figure 13B shows acoustically coupled interdigital transducers II, 
12 whose terminal electrode fingers facing towards one another are separated from 
one another by an amount that exceeds the separation of the electrode fingers 
within each of the transducers. The substrate surface between the two transducers 
5 can thereby be uncovered and free, as is shown below in Figure 13B. However, it 
is also possible to cover the substrate surface between both of the acoustically 
coupled interdigital transducers via a metallization M, for example as is shown 
above in Figure 13B. The separation between both interdigital transducers can be 
arbitrary, so that each desired phase difference between the two interdigital 
10 transducers can be adjusted. 

A further possibility is, as shown in Figure 13C, to fill up the 
separation between two interdigital transducers II, 12 acoustically coupled with 
one another with reflecting structures R or R\ The reflecting structures can be 
reflector stripes or strips arranged at a predetermined distance, as indicated above 

15 in Figure 13C. However, it is also possible to provide a shorted reflector grid R' 
between both of the interdigital transducers coupled with one another. In each 
case, the reflection effect and therefore in particular the number of the reflector 
stripes is chosen so that no complete reflection occurs, so that the reflector R, R' is 
partially transmissive for the acoustic waves. The extent of the acoustic coupling 

20 between the two interdigital transducers can be adjusted via the reflection effect. 
The number of the reflector strips can be selected between 1 and 100. 

Figure 14 shows another aspect of the invention that concerns the 
precise design at the transition between two interdigital transducers acoustically 
coupled with one another. Depending on circuiting and arrangement of the 
25 interdigital transducers, between adjacent electrode fingers of different interdigital 
transducers a potential difference can occur that is significantly larger than the 
potential difference that normally occurs between the different electrode fingers 
within a transducer. Too-large of the potential differences can, however, lead to an 
electrical flash-over in the operation of an interdigital transducer (in that a high- 
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frequency signal is applied to one or both of the external connections) that can at 
least impair the operation of the transducer and also often can lead to damage or 
even destruction of the component. In an inventive further development, the 
transition between acoustically coupled interdigital transducers is designed so that 
5 the potential difference between adjacent electrode structures is minimized. Figure 
14 shows an arrangement of two interdigital transducers II, 12, which are arranged 
in-line, serially circuited with one another and acoustically coupled, in that the 
terminal fingers of both interdigital transducers are attached to the same busbar and 
namely to the busbar with average potential. No potential difference therewith 

10 dominates between the two terminal electrode fingers; the normal potential 
difference dominates between the terminal and the adjacent electrode fingers 
within a transducer. The potential curve in the operation of the transducer is 
indicated by corresponding sine curves below the transducer in this and other 
Figures. It is clear that no potential difference occurs between the two transducers 

15 at the location indicated with the arrow. 

In Figure 15, a floating reflector R is arranged between both 
interdigital transducers II, 12 acoustically coupled with one another and electrically 
connected in series. In this manner, the potential difference between the terminal 
electrode fingers in both interdigital transducers II, 12 and the reflector R is 
20 maximally half of the value that can occur between the two terminal electrode 
fingers of different interdigital transducers. Thus the probability of an electrical 
flash-over between the electrode structures of difference potentials is also reduced. 

Figure 16 shows two cascades connected in series, each made of 
two interdigital transducers, that are arranged U-shaped so that respectively two 
25 interdigital transducers from different cascades acoustically couple with one 
another. In total, five different potentials that could lead to a high potential 
difference of adjacent structures between the extreme potentials can occur via the 
cascading at electrode structures not electrically connected with one another. This 
is inventively prevented in the inventive embodiment according to Figure 16 in 
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that floating reflector structures R are arranged per track between both cascades. 
The electrode structures adjacent to the reflector structure are moreover not at the 
maximum potential, so that the potential difference is also reduced in this manner. 

Figure 17 shows a cascade similar to Figure 16, with the difference 
5 that the reflecting structures are electrically-conductively connected with each 
other between interdigital transducers acoustically coupling with one another and 
arranged in different tracks. In this manner, a capacitive coupling between 
different interdigital transducers is achieved, for example via the electrical 
connection between the lower interdigital transducer of the first cascade and the 
10 upper interdigital transducer IS4 of the second cascade arranged in the other track. 



Figure 18 shows a further possibility to reduce the potential 
difference between terminal electrode structures within folded cascades. Two 
double-cascades are electrically connected in series via the lowermost busbar. The 
lowermost busbar thereby lies at an average potential, for example at an 
15 electrically neutral potential. For better gradation of the potential differences, two 
terminal electrode fingers are connected with the lower busbar lying at the average 
potential and are extended so that they can act as exciting electrode fingers in the 
lower track and, in contrast to this, as counterphase-exciting in the upper track. 

Figures 19 A, 19B, 19C and 19D show various possibilities as to 
20 how an individual interdigital transducer can be replaced by a cascade of a 
plurality of interdigital transducers. Since the voltage applied between the 
connections Tl, T2 is divided to the individual cascaded transducers due to the 
cascading, the excitation strength is reduced in the individual interdigital 
transducers. In order to replace the non-cascaded individual interdigital transducer 
25 (shown in Figure 19A) of a given footprint with a triple-cascade as in Figure 19B, 
an increase of the total footprint (resonator surface) of all interdigital transducers 
by the factor n 2 is necessary, whereby n represents the number of cascade stages 
(in the Figure: n = 3). A triple-cascade according to Figure 19B exhibits the same 
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impedance as the individual interdigital transducer in Figure 19 A, which requires 
only a ninth of the footprint. 

Figure 19C shows the possible embodiment of a triple cascading of 
interdigital transducers that likewise exhibit an impedance nearly equal to that of 
5 the individual interdigital transducer in Figure 19A. All cascaded transducers are 
arranged in-line within an acoustic track. A first interdigital transducer II (serial 
or parallel) is connected in series with second interdigital transducers 12, 12' and 
third interdigital transducers 13, 13 \ The first interdigital transducer II thereby 
represents the middle interdigital transducer, so that both adjacent outer interdigital 

10 transducers 12 and 12' are connected in parallel to one another but in series to the 
first interdigital transducers II. The third interdigital transducers 13, 13 5 are 
likewise connected in parallel to one another, however in series to II. The 
necessary ninefold-increased footprint of this cascaded arrangement is here 
distributed on an acoustic track with constant aperture. However, it is also possible 

15 to change the apertures within the cascade and thus to achieve in the horizontal or 
vertical direction an enlargement or shrinking of the geometric dimensions of the 
cascade. 

Figure 19D shows an arrangement that, with regard to the 
circuiting, corresponds to the arrangement according to Figure 19C that, however, 
20 exhibits a significantly smaller dimension in the propagation direction of the 
acoustic wave. 

Figure 20 shows four in-line serial interdigital transducers IS1 
through IS4 circuited in a serial branch between a first and a second connection. 
Parallel to this are four parallel branches, each connected with a parallel 
25 interdigital transducer EP1, IP2, IP3, IP4. Serial and parallel interdigital 
transducers are respectively arranged in a common track between two reflectors 
RSI, RP1 and RS2, RP2 bordering the track and are acoustically coupled among 
one another. 
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Figure 21 shows an arrangement corresponding to this in which, 
however, each of the serial and parallel interdigital transducers IS, IP is replaced 
by a two-fold cascade of interdigital transducers, respectively with doubled 
transducer surface, arranged next to one another transverse to the propagation 
5 direction of the acoustic wave. The interdigital transducers here exhibit the same 
aperture as in Figure 20. The total arrangement now comprises only four acoustic 
tracks, whereby all interdigital transducers within a track are acoustically coupled. 
The arrangement possesses the same filter characteristics as that shown in Figure 
20; it can therefore replace it in a filter, however relative to it exhibits four times 
1 0 the power stability due to the four- fold transducer surface. 

In a variation, only the interdigital transducers of respectively one 
type (serial IS or parallel LP) per track are coupled with one another. 

Although, for reasons of clarity, the invention could only be 
explained and shown using a few exemplary embodiments, the invention is not 

15 limited to the shown exemplary embodiments. Variation possibilities result in 
particular via combination of the shown embodiments and via combination of the 
circuiting arrangements with different transitions between acoustically coupled 
interdigital transducers. In particular, not shown were acoustically coupled 
interdigital transducers with different finger periods, different metallization ratios, 

20 weighted interdigital transducers, interdigital transducers with varying finger 
period and coupled interdigital transducers with different numbers of electrode 
fingers, as well as various variants of reflectors between acoustically coupled 
transducers. 
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WE CLAIM: 
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